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FOREWORD

Among the r esponsib i l i ties assi gned to the Off ic e of the Manager ,
National Communications System, is the management of the Federal Tele—
communication Standards Progr am which is an element of the overall GSA
Federal Standardization Program. Under this program, the NCS , wi th
the assistance of the Federal Telecommunication Standards Committee ,
iden ti f ies , develops , and coordina tes propo sed Federal Standar ds which
ei ther contribute to the interoperabi l i ty of funct ionall y similar Federal
telecoimnunication systems or to the achievement of a compatible and
efficient interface between computer and telecommunication systems.
In developing and coordinating these standards a considerable amount
of effort is expended in initiating and pursuing joint standards develop-
ment efforts with appropriate technical committees of the Electronic
Industries Associatjon, the American National Standards Institute, the
International Organization for Standardization, and the International
Telegraph and Telephone Consul tat ive Commi ttee of the Interna tional
Telecommunication Union. This Technical Information Bulletin presents
an overview of an effort which is contributing to the development of
compa tible Fede ral , national , and international standards in the area
of digital facsimile standards. It has been prepared to inform interested
Federal activities of the progress of these efforts. Any comments,
inputs, or statements of requirements which could assist in the advance-
ment of this work are welcome and should be add ressed to:

Of f ice of the Manager r
National Communica t ions Sys tem~ _____

ATTN: NCS—TS
Washing ton, D.C. 20305
(202) 692—2124 .. —
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1.0 Introduction

This doc~~ent r~~ ar1zes the work performed by Delt~ Information

Systems, Inc • for the National C~~~auicationa Systems agency of th.

U. 3. Goveroment ~mder Purchas. Order DCA1OO_79~ (1O0314. The Statement

of Work of the subject Purchase Order required the determination of

“th. criteria for evaluating the technic al/economic merits of various

data two-dimensional algorithms/coding techniques for digital facsimile

terminals being proposed for adaption as an international standard by

the CCITT.”

The Statement of Work described the background of this contract

as follows:

The International Telegraph and Telephone Consulta-
tive Committee (CCITT) Study Group (SG) XIV is respon-
sible for the development of facsimile standards in
the international arena. Many of th. parameters
relating to intercoerability of facsimile apparatus
have been identified and agreed upon. However, one
area which remains to be resolved involves compression
algorithms/coding techniques; more specifically two
dimet sional compression algorithms . During the period
11-15 December 1978, Working Party 2 of CCITT SG XIV
will meet in Geneva, Switzerland. The subject of two
dimensional compression algorithms will be an agenda
item. Th. Japanese have already submitted a contri-
bution on this subject . Other contributions are
anticipated at the U-l~ December meeting. What will
be lacking as a c~~~on criteria against which to
evaluate the relative technical/ecocomic merits of
competing two dimensional compression algorithms.

The puroose of this contract is to provide these common criteria .

The work on the subject contract was performed by Richard Schaphorst

and Neil Randall of Delta Information Systems, Inc . and guided by Dennis

Bodscn, the Contractor’s Technical R.oreeentative from the Nat ional

C~~~un~cations System. We also ‘wish to ac~c~owledge the helpful d~acusstons

with the following ~nestbers of the 11.4 TR-29 Facsimile Systems and
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Iqui~~snt Roginsering Ccmeittee : Charles Jacobson, Robert Iraflinger ,

Tim McCullough, A. Schmidt, Lou Cartolano, and Forrest Smith .

2.0 S~~~~’y of the Work Performed

Work on th. subject contract was divided into the three major tasks

discussed in the paragraphs bslow--(l) Identification and Definition of

Evaluation Criteria (2) CCI?! Contribution (3) Final Renort .

1 - Identification and Definition of Evaluation Criteria

This task occupied the major portion of th. contract . During this

effort , basic dociinents such as those References listed in App.ndix £

(Section li.0) were reviewed to determine their applicability to the issue

at hand. Several CCITT doc~~ents mentioned four criteria for the evalua-

tion of data compression techniques as listed below.

• Compression Factor

• Error Sensitivity Factor

• Cost of Implementation

e Coemonality with other Facs imile Codes

These criteria were discussed with various members of the KIL Fac simile

Comeittee and there was general agre ement that they be proposed in the

CCITT paper .

Following the identi.ftcation of the evaluation factors , each ‘was

next defined . During the definition process , many alternative specifics-

ticu concepts and approaches were considered. Seottons 3.0, t~.O , ~ .0

and ~.0 present the vartons alternati ves wb±ch were evaluated for each

criteria and the rationale for selecting the ~arttcu1ar definitions which

are ,ro~osed . Sectton 7.C discusses the various ~rocedures and techntques

whtch ware considered for rsnic~ng the relative importance of the criteria.
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As the various definitions were evolved during the course of the contract ,

great benefit was derived from discu~siøn with various aembers of the

h A  Facsimile C~~~ittee.

2 - CCITT Contribution

Th. Statement of Work calls for the submittal of a draft copy of a

~U. S. contribution to CCITT Stu4 Group XIV”. . . “for evaluating compet-

ing two dimensional compression algorithms/coding techniques.” It further

specifies that the “contribution be furnished at the time of submission

of the final report .” In compliance with this requirement, the draft

copy is included as Appendix A. It should be noted that a copy of this

proposed contribution was submitted to the C.O.T.R. on November 20, 1978.

3 - Final Reoort

The final report sunsuarizing all work performed on the subject control

is submitted herewith. In addition to describing the work done, Section

8.0, which contains recosmendations for further stu4 , has been included.
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3.0 Compression Factor

One of the most critical parameters in the selection of a compression

coding technique is the compression factor whLch measures the ability of

the algorithm to reduce redundancy in the input data and thereby reduce the

number of bits required for tranRrission . Several terms have been used to

represent this compression parameter -- compression ratio, compression factor,

and red~~tion factor to name a few. In addition, some experimenters have

chosen to describe the compression performance entry in terms of transmission

time over a given data link. In this paper the term Compression Factor (CF)

has been chosen and is defined as the number of picture elements in the

document to be transmitted divided by the number of code bite required for

transmission of that document .

There are three issues related to the Compression Factor which require

further di3cussion .— (1) selection of the teat documents , (2) 03 machines,

(3) G~ machines. These issues are analyzed in the paragraphs below.

• Selection of Test Documents

It is general1~y recognized that the Compression Factor must be measured

using actual representative graphic material as the input as opposed to hypo-

thetical ,atterns of test data. It would be desirable for the test document(s)

to represent the full range of material which m ight be handled by the G3/G14

facsimile equipment. For ~xm~,p1e, users may occasionally transmit a half-tone

image or a continuous tone photogra~h though it was not designed for that

purpose.

In addition , it would be desIrable for the test document(s) to reflect ,

as accurately as ,oestble , the stattsttcal distribution of the documents

which would be actually transmitted. For example , if most of the transmitted
ioc’.r~euts contained tyued text, then a code which haa a relatively high compression
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ratio for textual data should be favored. Unfortunately there is very

little published information on the distribution of documents transmitted

through facsimile networks.

Another criterion for the selection of test documents ii precedent -

ie • what documents heve been used for ~&i.1 1 ar measurement purposes in the

past . The 8 CCITT teat documents shown in Figure 1.0, and listed below,

have achieved a wider range of acceptance than other documents and are also

somewhat representative of the pages likely to be transmitted through the

G3/0~ machines.

Document No. Description

1 Business letter with logo and signature
2 Circuit diagram
3 Invoice
ii Typed Trench text

- S Text and Figures
6 Graph
7 Japaneae characters
8 Handwritten memo

Consequently, the B CCI’IT documents heve been selected for use in this proposal .

The Frech ?TT Administration ha~ scanned these 8 CCITT documents at both

the standard and high resolutions as specified for Group 3 machines . They

have also quantized each p.1 to be either black or white and stored the re-

sultant image on magnetic tape. Further, the French ?1’T has provided copies

of these tan.s to experimenters in the dat a compression field so that fac-

simile performance data can be compared on a meaningful basis . For these

reasons, it is recom~ended that th. proposed measurements be performed using

the tapes supplied by the French ?~r Adeiriistratlon.

• CF Measurement for 03 Machines (CF 3)

It Is desirable to measure the CF ~isthg simulated conditions which are

as realIstic as noesible. -Sixx e the CF for G3 nachines can be signiftcantly

I.
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impacted by the number of transmitted Fill hit& they mus* be included in

the simulation. In order to simulate the Fill function the minimum line

transmission time and the transmission bit rate must be speci fied. Sinc~
as is the standard minimum line transmission for 03 machines it was

selected for the proposal. A data rate of 1~8oO bite/sec. was chosen, since

it is corai(~red typical for 03 application.

It is further recommended that the 03 simulation include all synchroni-

zation bite such as th. beginning-of-message, end-of-line, and end-of-message .

It is not expected that these bits will significantly impact the measured

CF parameter, but it is desirable to insert them into the transmitted code

bits so that the simulation output magnetic tape can be used directly for

measurement of error sensitivity. In addition the inclusion of these syn-

chronization does make the measured CF more precise.

e CF Measurement for Gti Machin es (CF)~~
The ~~ facsimile machines will, be operating over Public ~~ta Networks.

In this applicatIon it is not anticipated that Fill bits will be required.

In addition the error rate of the data networks are expected to be sufficiently

low that error sensitivity will not be a significant factor in code selection .

Therefore there will be no need to prepare a magnetic tape with synchronization

hits for subsequent error sensitivi ty analysIs. For these reasons it Is pro-

oosed to measure the CF for G~ machines using transmitted code bIts which

contain no synchronization or fill bits .

• Measurement Data

It is proposed to measure CF~ and CF~ for both the 345 and 7.7 lines/~mn

resolution for a~~. ~ CCITT test documents . The ootenti al desirabilIty of

coritutin~ average ~? ~arsmeters for the 3 test documents was considered.
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However, this was rejected becaus e it would Infer an equal weighting to

each of the test documents, which is probably not a valid assumption.
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!~.O Zrror Sensitivity

In addition to Compression Factor, it is important to evaluate

coding techniques for their sensitivity to transmission errors, particu-

larly for the Group 3 machines . The typical application for Group 3
machines involves transmission over dialed telephone lines using modems

that do not have error control. lYnder these conditions transmission

errors can become significant , and with some coding techniques the errors

could be propagated over a large part of the picture, causing unacceptable

results . With the Group 1& machines, the transmissions themselves will be

provided with error protection, so that few errors will reach the facsimile

decoder. Thus, the evaluation of error sensitivity is recoiwnended only for

Group 3 machines . However, since it is expected that the Group 3 and Group

~ codes will be the same, it may be desirable to evaluate a proposed Group

I.i coding technique to determine if it is also suitable for Group 3 machines.

It was felt that both an Objective and a Subjective measure of error

sensitivity was required. Fortunately, both can be obtained without an

increase in simulation effort. The Objective measure is a numerical value

representing the number of pels that are represented incorrectly by the

decoding algorithn , divided by the number of bits that were in error in the

corresponding transmission. The SubjectIve measure will consist of pre-

senting , for committee evaluation, images that have been corrupted by errors ,

• in order to determine the nature of the image errors , and how noticeable

or obj ectionable they are.

~4 .1 Test Documents

In order to minimize the computer time requIred for the error sensi-

tivity m easurement , not all of the test documents ‘iced for the C? test s
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will be used for error sensitivity measurements • Two of the eight CCITT

test documents have been selected for error tests . Both are mostly typed

text, which is expected to constitute a large portion of the total traffic.

CCITT Test Document I was selected as typical of documents having high

compression factors, and should serve to exhibit errors as black marks in

the large white areas of the document . CCITT Test Document Z~ was selected

as typical of documents having low compression factors, and should serve

to exhibit possible intelligibility problems. Each of these Test Documents

will have been encoded in the course of measuring the Cl, so the encoding

need not be repeated . The encoding used for measurement of Cl3, which

includes synchronisation and fill bite, will be used, since transmission

errors are associated with Group 3 machinee. The encodings for standard

and high resolution vii]. be used in the error sensitivity test.

I~ .2 Error Patterns

To measure the error sensitivity, the encoded bit streams are cor-

rupted by an error pattern that reverses selected bits . In order to pro-

vide a repeatable test , it is not possible to use ran dom error sequences

generated by the computer performing the simulation, since each such

sequence would be different. It would be possible to generate a single

random sequence to be used by all experimenters, but this would not pro-

vide an important characteristic of real. circuit noise : the fact that

errors appear in bursts . It would be possible to produce artificial error

patterns with burst characteristics, but It was judged easier and more

realIstic to make a record of an actual error pattern for use by all

experimenters . The error ~attern should be obtained by tran smission
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over switched telephone links that are expected to be typical for the

Group 3 mach ines. Therefore , it wee recommended that Li800 bits/s.c with

a V27 tsr modem be used .

The bit error rate should be high enough to cause a large number of

bit errors in each image , in order to minimize the number of images that

must be processed to obtain a statistical ly significant sample. Note that

processing time is almost entirely dependent on the number of images pro-

cessed, and hardly at a].]. on the number of bit errors encountered. The fact

that the error rate is higher than that usually encountered on high-quality

circuits is not important, since the effect of a lower error rate can be

extrapolated from the high error rate case. An upper limit on the error

rate is placed by the requirement that a single line should not frequently

encounter more than one error burst. If thi s occurre d, ~t would be diff i-

cult to extrapolate the test results to lower error rates . The number of

bits per line nust be at least Li8 even in blank areas becau se of the

required fill bite , and could be Li32 bite if the compression factor is Li .

The error rate that has been selected is b ..3 , or an average of 1 error in

1 ,000 tran smission bite , which Ii less than 1 per line , even in “bu sy”

areas • The probability of a line of Li3 2 bits encountering more than one

error if the bit errors are selected at random is culy 0.07. This becomes

even lower when the fact that errors occur in bursts is considered. For

e~~ inle, if the aver age number of sri-or bite in a burst is ~~, the probe—

bil~ty of sore than one bii.rst in ~32 bite at ~~~~ error rate becomes 0.0035 .

Thus , it appears that the occurrence of more than one error burst ner lin e

will be a relati7ely rare event if the bit error rate is 1C’
~~, so that 
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extrapolation to lower error rates can be easily mads.

A different error rats could be used for the Objective and Subjective

tests • This could be done if th. error rate chosen for the Objective tUt

produced an Image that was beyond recognition. However, th. results ob-

tained by the French P1? Ai~~i-Mstretion, at an error rat. of about

show reasonably good results, at least good enough to make judgments of

relative perform ance . Therefore , it is recommended that an error rate of

about 1O~~ be used for both Objective and Subjective tests. This will

minimiz. the amount of computer simulation required.

Th. length of the error pattern was specified as io6 bit., which is

expected to be longer than any one encoded image.

Th. Federal Republic of Germany has al.rea4 made recordings of

error patterns meeting all of the above requirements .7 A standard set

of these measurements should be used for these tests • The appr Tl *tely

1 ooo erro: positions in 1 o6 bits should be provided on magnetic tape or

punch cards for use by experimenters .

1~.3 Sample Size

Th. number of images that are processed in the Error Sensitivity

test must be sufficient to provide a statistically meaningful estimate of

the true error sensitivity. However, the number of images that are pro-

cessed must be ‘~4n4”Azed to keep the amount of computer time required for

the simulatIon within bounds . While only two Test Documents have been

chosen for error sensitivity testing, any number of images may be pro-

ceased, simply by appl~~.ng a different error pattern to the two Test

Doc~snents. In fact , the same error pattern can be used to produce different

I
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received image. simply by shifting the error patt ern elative to the

transmitted bit stream so that errors impinge on different cods words,

thereby producing an indspendsmt evaluation of the error sensitivity.

It is proposed that the tran~.issicn be delayed by 1 ,O21~ bits relative

to the error pattern on seth test of the s Test Document . This shift

is intended to hi larger then the uumbei’ of bits used to represent a line,

but small enough so that succeeding tests use substantially the same bit

.rrore , ‘which will minimize the fluctuations from one trial to another .

Also, the delay should not be a smitipis of Li8 bits, th. minimum number of

bits that can represent a line , so that th. error pattern should impact

a different part of the code each tim. it is used.

The accuracy of the estimate of error sensitivity will depend, to a

larg e extent , on the number of relatively rare events , such as errors in

~~L codes, that can be expected in the documents that are proces sed. It

is proposed that for the standard resolution I mages, thre e runs be made of

each lest Document with different phase. of th. error pattern. Scme numer-

ical calculatio ns will serve to illustrate the accuracy that can be

expected in the istimation of the Error Sensitivity Factor (ES?) .

The numbers used in this calcul ation are derived from Table 2 of

the Federal Republic of Germa ny pap er • The average fIgures for the

LIA Code are need, but the same figure. for the ITC Cods are not mech dif-

ferent . The average number of lost pels on a line due to an error burst

causing incorrect run length codes is almost ~C0. It a burst of ~ errors

is assumed , the number of oils in error ~er bit error is 1 0 . .  For standard

resolution and a compression factor of 10 , the tran smission will be i83 ,~~ 9

bits long, and wii . attract about 1~3~ bIt errors at an error rati of ic~~~~.

Thus, there vii]. be about 3h I 100 1 3,L10C- ~.]. errors due to incorrect
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run length codes • Because of the larg. number of events involved In each

document , it is expected that tb. ES? due to incorrect run length codes

will be quite stable from document to docum.nt. The bulk of the variatic~ in

ES? I, expected to arise fro. lee, frequent events, each of which causes

a large number of pile to be in error. The principal event of this type will

probably be a missing ~~L or a faise BOL. Th. data of Table 2 indicates in

average of about 2 of each of these events per document, at a bit erro r

rate of about 5 I 1O~~. Th. bit error rate must be doubled to make it

comparable to tb. proposed rat. of ~~~~~~~~~ so the aver age number of each

of the events per documents will also double to !~. The actual number of events

in a document should be Poieson distributed, since there are many chances

for the event to occur, but each chance has a very low probability .

Therefore, the stindard deviation of the number of events is the square

root of the average number of events • For this case, the standard

diviation would b. two events • It it is assumed that the number of psi

errors that result from each event is 1 ,728, then the average p.1 errors

per document from afl. caus.e becomes

18 ,1400 + (Ij I 1728) - 2~,312 pels

‘while the stan dard dsviation becomes:

2 1 1,7’28 3,1456 pels

which Is 14 of the average . if th. average of three documents is taken,

the standard deviation is reduced by ‘11, or to 6% of the averaae • This is

a reasonably good accuracy and will not be improved substantially by a

modest increase in the number of documents processed . Further , it shoul d
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be noted that the error in the ES? estimate will be reduce d bys

• a lower compression factor

e a higher ES? due to incorrect run lengths alone

e less than 1,728 psi errors per R)L event

• consideration of both missing and false ~~L events

Therefore , it i. concluded that three runs of the standard resolution

document shoul d provide a reasonable accuracy in the estimation of the

ES?. For the high resolution case, there should be more transmission

bits, transmission errors, ~~L codes , and ~~L errors , thus reducing the

variations in the ESF measurement . Therefore , it is recosmended that only

two runs be made on each document for high resolution scanning.

Having obtained the ES? for each of th. three runs, ES?1, ES?2, 
~~~~~~~~~~~

the average ii calculated to be x

ESF 1 + E S F  + E S~’

~~~avg - 2

3

The beet estimate of the variance of the ponulation is given by’s

1 r-

. 2 - 1 (ESFj )2 
- 
(
~ ESF~) 2 

- (ES? )
2 

- fl(ES?avg)~~

and the estimate of the variance of the sastple average is:
~~~~~~ . n 

~~1

2 
• • 

1 
~~~ (ES?~~)

2 fl(EST avg ) 2 1
avg n n-i L J
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For three documents the standard deviation of the estimat , of th. average

(ES?1 ) 2. (~~~ 2) 2 
+ (ES?

3
)
2 - 3(gspavg)2l ½

avg 
L 

6 j
For two sample. proposed for the high-resolution case, we have:

+ (~~~ 2 ) 2 - 2(gspa,u~g~21 ½
avg •

L 2

The standard deviation of the estimate of the ES? is useful as a check

on the adsquacy of the semple size and gives an indication of whether meas-

ured differences between the ES?. of contending coding techniques are

statisticall y significant. As a role of thumb, the difference between

the average ~~$7I e should be equal to or greate r than the eta of their

standard deviations to be considered statistica lly significant .

14.14 Evaluation

The images orvduced by decoding the error-laden tran smission are

compared , p.1 by psi , with the original image . A count is made of the

number of pale that differ in “ color ” from the original . This is divided

by the r.umb.r of bit errors that actuall y impinged on the transmission,
to yi eld the ES? for that trial . Ilormally, no movement of received o.le

relative to the original image *1.11 be pernitt.d to achieve a cloeer match

wf . t~ the ortginal . An •xcet~tton to this rule is that if ~rt entire line

is added or drov~,ed , usually due to ~~L code error s , a penalty will be
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assessed only for the first received line that is matched with the incorrect

original line. In order for the comparison algorithm to keep track of

which it* ii which, each ~~L should by numbered in the original tran smission

and in the received transmission. This number would not of course be

available to the decoding algorit hm, but only to the comparison algorithm.

Perhaps the most diff icult decision made during this study’ was the

degree to which various error correction schemes could be utilized to reduce

the ES?, both for the Objective measure and the Subjective measure . It is

possible to define the C? for a Coding Technique, quite apart from the

decoding algorithm, as long as it can be shown that there i~, in fact s an

algorithm that will exactly produce the original image. On the other band ,

the ESF cannot be evaluated from a knowledge of the coding technique alone;

the decoding algorithm must also be known . The proposed standards are for

coding techniques only ; each manufacturer can use any decoding approach

he wishes to. Hence, there is an inherent difficulty in estimating the ES!’.

Clearly, the coding technique must include a decoding algorithm in

order to evaluate it for error sensitivity, despite the fact that only the

encoding is to be standardized. The question is, how much latitude can

be given to the decoding algorithm to correct errors with sophisticated

schemes? One side of the argument says that only that wnount of decoding

actually required to correctly reproduce an image from an error-free -

transmissIon shoul d be used. The rationale for this is that it is the

encoding that is to ~e standardized and tested , and therefore any error

correction will only mask the Inheren t auallties of the coding technique.
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We have rejected this approach for the following reasons:

(i)  It is difficult and arbitrary to separate & decoding algor-

ithm into those parts required for error- fre e reception and

those designed to correct for transmission errors .

(2) Coding techniques that provi de a contro lled amount of

redundanc y for error control will be unfairly punished,

since their compression factor will be low becaus e of the

increased redundancy witho ut the commensurate gain due to

a lover error sensitivity.

(3) It will favor encoding techniques that ~n(n1-mize exposure

to errors by minimizing the length of critical words ,

such as ~ )L , rather than adding controlled redundancy.

Therefore , it is proposed that any decoding algorithm pr~~osed by

an experimenter be accepte d, providing that it is fully disclosed and

documented. This will allow the full use of whatever redundancy is nm-

vided in the transmission to provi de error control . If excessively complex

error correction schemes are proposed , they will be penalized under the

‘ Ease of Implementation ” criteria. It is expected that more than one de-

coding algorithm will be proposed for each codin g techniq ue , in order to

demonstrate that the codin g technique can be used with decoding algorithms

o varying comple~dty.  In this case , each decoding algorithm must be

evaluated for error sensitivity .

Subjective evaluation ~mst be done with high-cuality images of the

re ceived pIctures . If possIble , they shoul d all be made on the sane

ty~e of equipment , in orde r to eliminate the snb~ective effect s of contrast

and resolutio n.
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~.O Cost of Impl ementation

The cost to implement the candidate coding techniaues is one of the

important parameters in the selection process • Cost is also one evalua-

tion criterion which would seem to be expressible in hard quantitative

form . Unfortunately , it is unrealistic to expect , or request , eq uipment

design or cost in.formation from organization s proposing a compression

algorithm . The competitive aspect of the facsimile business totally

Inhibits the availability of such data. Even if cost information were

available from manufacturers, it is likely that the data would vary over

a wide range due to the great variability of design and manufacturing

philosophies . For example, the design objectives for different companies

would differ greatly from the standpoint of systems reliability , human

factors, size, ease of repair , and powe; to name a few. These different

design philosophies and objectives hays far-reaching implications as far

as equipment coat is concerned. A similar type of variability occurs in

the manufacturin g area , For example , the size and efficiency of the

manu factur ing facility has a large impact on equipment cost . There is

also a question of the production volume and the time frame of the oro—

duction.

Due to the wide range of cost factors enumerated in the paragraph

above , it is very difficult for a committee such as the Eli or CCfl~? to

develop hard, meaningful cost data to aid in the selection process of a

compression techn iaue . t is understood however , that each coamittee

member Will , in his own way , be estimating the costs of the candidate

techn iques ; and these relative costs will , and should , weigh heavily
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in the decision process.

Above and beyond the cost factors discussed above, is one important

issue which deserves special attention - patent and royalty considerations .

It is generally agreed that it is critical ly important that a proposed

coding technique be free of any royalty consideration s .
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6.0 Compatibility with Other Facsimile Machines

It is obviously highly advantageeous to the facsimile ccamtunity

and systems users for different classes of machines to .. compatible,

i.e. interope rable. Since the compression coding tachnique Is a key

factor in compatibility , it is clear ly desirable to consider this issue

when selecting a code for Group L& and the two-dimension al extension

of Group 3.

Three different types of compatibility factors are present:

1. Group 3/Group I~ 2. Group 3 (i dimensional)/ Group 3 (2 dimensional)

3. Machines with greater document width. Each of the compatibility

issues is discussed below.

Group 3/Group !~

Since the Group lj machine will operate over data networks, the bit

error rate of the communication channel will be very low . For this reason

it would be possible to consider two-dinens±onal codes for Group 1~ equip-

ment which are much more sensitive to transmission errors than might be

considered for Group 3 machines . This difference in error sensitivity

may be sufficiently fundamental that different two—dimensional codes

would be chosen f or the two systems. It must be recognized , however, that

if two different codes were selected , a significant penalty would be

paid in the cost to achieve compatibility. In other words , it would clear-

ly be desirable for the Group L machine and extended Group 3 systems to einnloy

the same code , and this factor must be carefully considered in the eval-

uation process.
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Group 3 (l—dimensional)/Group 3 (2-dimenaionalj

There is obvious ly a very strong motivati on for the basic Group 3

machine with the one-dimensional code to be compatible with the optional

Group 3 machine with the two-dimensional code . If necessary , compati-

bil ity can be achieved by implementing systems with both codes so they can

coamun icate with either type of equipment . However, it may be possible to

select a two-dimensional code which uses the one dimensional code as a

functional element . Stated another way, it may be possible to select

a two—dimensional code which is an extension of the one-dimensional

code . If this could be done , the cost of equipment compatibility would

obviously be reduced.

Machines with Great er Document Width

It is desirable to select a compression algorithn which can be

economically extended for application to documents wider than that for

the Group 3 machines. For example, it may be desired to double the

document width so that a total of 3, I~S6 pels/line would be transmitted .

It would be advantageous for the code for the wide document to be merely

an extension of the normal width code for reasons of compat ibility and

cost m.iniinization .
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7.0 Relative Importance of the Criteria

One major purpose of this document is to assist persons or commit-

tees in selecting a standard facsimile algorithm . Towar d this end, it

would be very helpful to rank the four evaluation crit ria in terms of

their relative importance. Unfortunately, this is very difficult to do

for three reasons . First, various committees and committee members have

widely varying perspectiv es and orientations relative to the criteria.

Secondly, the criteria are not Independent, but in many cases interact

in complex ways • The third difficulty concerns the fact that two of the

criteria (cost , compatibility) are difficult to quantify. These three

points are discussed in the paragraphs below.

Varying Perspective

Different committees and committee members can have widely varying

background and persoectivee relative to the evaluation criteria. For

example, it is inevi table that facsimile manufacturers and common carrier

organizations would view the evaluation parameters differently . In

addition, the market orientation of a vendor will greatly affect his

position . For instance , a company which manufactures products in large

volume and stresses conventional picture quality would vi ew the situa-

tion differently from a vendor who stresses the low volume/high auality

market . Also, different vendors have varying technologIcal strengths

in other facsimile subsystems (such as soohisticated adaptive modems)

which would affect their nosition. All of these factors make it extreme-

ly difficult to adoot a clear ramcing of the evaluation factors in terms

of their ?elative imoortance.

~~IS PAG ~E IS BES T QUALIT Y ?1~AOTLU13Ia1
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Criteria Interdepend ency

It is very difficult to rank the evaluation criteria due to the

large degree of interdependency and interaction which exists between

thea . For mI~I!ple, some facsimile systems can automatically reduce the

transmission rate to the point where an acceptable error rate is achieved.

This results In a trade -off betwe en error sensitivity and compression .

Another trade—off could exist between error sensitivity and implementa-

tion cost . At one extreme could be a compression system which is very

sensitive to transmission errors but which employs a very complex post-

decoder , error-reduction scheme to minimize the visual effect of errors .

At the other extreme could be a coder which inserts sufficient redundancy

into the transmitted code to correct for some transmission errors . In this

case , the system is relative ly insensitive to channel errors , may be Less

expensive , and woul d have a reduced compre ssion ratio.

QualItative Criteri a

Althou gh the cost and compatibility criteria are potential ly

quantifiable , it was pointed out in Section s ~ .0 and 6.0 that these

para meters can only be dealt with in qual itative terms in this case. It

is obvious ly difficult to rank parameters which are exoressed only on a

qualitative basis.

S~~w~ax7

n view of the nany reasons which make it dIff ~cu1t to raric the

four evaluation parameters, the draft proposal In Appendix A merely

discusses each cr~ ~;~ cn In cualltative terms, but does not atte t to

estanlish theIr re at ive i.-~nort ance in auarit itat i~e terms

~~~~LS ~~Ga i~~ B~SI ~UAL4fl
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8.0 Recommendation for Further Stu~~
As a result of this contract , specific computer simulation proce-

dures have been recommen ded for the ireasurement of Compres sion Factor (C? )

and Error Sensitivity Factor (~~F) . As a recommendation for further

etu~~-, it is proposed to write th. computer programs to perform these

measurements on actual imagery data. An Executive routine would be

written to control the overall program operation. Three subroutines

would be written which are summari zed in the tab le below.

Subroutine No. Function
Simulated Input Output

1 &icoder Input Image • Compression
Tape Factor

• Tape with Trans-
mitted Code (Ti )

2 Transmissi on • Ti e Tape with Re-
Errors e Error - ceived Code (T2)

Pattern

3 Decoder T2 e Error Sensitivity
- Factor

e Outpu t Image Tape

Following the running of the three subroutines described above the

Output Image Tape woul d be converted to visual form . It is pr oposed to

slmv.lat. the one-dimensional code which has been chosen as a standard by

the ETA Facsimile subcommittee. Since a great ieal of prior simulation

work has been done on this code , it would provide an ideal vehicle for

cross-checkin g and verification of simulation accuracy .
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Int.rnaticnale Telegraph and Teleohone CON lIT - lo.
Conmiltative Committee

(CCITT)

Period 1977-1980 Original : English

Date: December 1978

Qiiestioci.: 2/lIT

STUDY O~~UP ItT - CONTRIBUTION No.

SOURCE : ~ 1IT~~ STAT~~ OF AI~~~ICA

TITLE: CRIT~~~A FOR THE LUATION 0? T~~-DD1fl1SI~~AL CODING T~~I*flQU!S
FOR USE IN DIGITAL FACSIMILE T~~~~~ALS

1.0 S~~~az7

This documen t pr oposes the use of four criteria for t~~ evaluation

of two-dimensional coding techniques for use in digital facsimile ter-

minals .

• Compression Factor

• Error Sensitivity Factor

• Cost of Implementation

e Caemonality with other Facs imile Codes

The proposed criteria are apolicable for both Group is machines and the

optional extension of the Group 3 machine to includa a two-dimensional

cod*. T~m oroposal Is apolicable for both th. normal resoluti on (3.65

lin../,~~) end high resolut ion (7.7 lines/a.i) scanning standards .

2.0 3ackgro~md -

The CCITT Is active ly reviewing and considering the standardization

of two-di mensional coding technicues for th. optional extension of the

Group 3 one-dimensional code
1 

In the future , considerati on will also be

given to coding techniques for Grout i~ apoaratus 2 
• Several panere hale

been pub]~ ,Ssd recently describing particular two-dimensional coding

A— i
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techniques and the ir performance in ter ms of compression ratio and error

seneitivity.3hs~S U foxtunately, it is difficult to caipare the results of

different coding techniques and different invest igators because the per-

formance measurements are frequ.antly not carried oi~ under th. same con-

ditione. Th. priaary purpose of this document is to define a set ot prag-

matic teat conditions in sufficient detail so that all organizations that

wish to have a coding technique selected as a standard by the CCITT will

have a specified procedure to follow to insure all proposals will, be eval-

nated on a common meaningful basis.

Much has been propoeed to the CCITT and published in the literature

relative to the subject of this paper . This oroposal has attempted to draw

upon and integrate this prior work as much as possible. Section LO is a

list of References which have been particularly noteworthy and helpful .

3.0 Pr onosed Criteri a

3.1 Compression Factor

3.1.1 Teat Documents

Experimenters in the field of facsimile data compression have utilized

a wid, range of t st  documents to measure compression ratio and error

sensitivity. The 8 CCITT teat docuimnta have achieved a wider range of

acceptance than othe r documents and are somewhat representative of the

pages likely to be transmit ted through digital facsimile systems. Con-

sequently, the 8 CCITT docinient s he ye been selected for use in the eval-

uation process described herein. The French ?~T Adainistratio n baa scanned

these 8 CCITT documents at both the standard and high resolution s as

specified for Group 3 machines. They have also Quantized each pal to be

either black or white and stored the resultant image on magnetic tape .
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Further, the French PI’T has provided copies of these tapes to experiment-

ers tn the data compression field so that facsimile performance data can

be compared on a meaningful basis. For these reae one, it is reczaended

that the measurements prop osed herein be performed using the tapes supplied

by the French PTT Adalniat rati on.

— 

3.1.2 Measurement of Compre ssion Factor (C?)

Any proposed encoding technique must be fully defined in sufficient

detail to permit other investigators to duplicate the performance measure-

ment process • The Compression Factor (C?) will be determ ined for each

of the 8 CCITT teat documents and for both the standard and high resolution .

The first step in the measurement process is to simulate the encoding

function and accumulate a count of the code bits required to tran smit each

document . Th. C? for each document is then computed by dividing the total

number of picture elements (pels ) per teat page* by the number of trans-

mitted code bite .

Two different comureasion factors Will be determined. The first

establishes the CF of the basic algorithm and excludes synchronisation

and fill bits from the transmitted code bite . This parsmeter ie not only

useful to rern’ esent the performa nce of the basic algori thm but also closely

anoroximates the actual compression performance which will be achieved

when operating in a Groun t& configuration . For this reason the compression

factor is designated CP~ .

* The ntcture ta!)es fr om the French ~I~T contain the f~flowing pu s:

Standar d ~esol~ation - (lC6l~ lines) (1728 pals/line) 1,~3~8,~ 92 pels

High Resol~ation - (2128 line~ )( 17~8 ,els,’lina) - 3, 677 ,18Z5 p u s

A-3 ~ius PAGI~ Is BEST QUALITY P’EAOtI~~~~~
FROM OO’?Y P~~~~C~~~ISH~~~
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The second c~~ xessicn factor parameter (C?3) ii designed to represent

the compression ratio when the algorithm ii employed in a typical Group 3

machine. In this case all synchronisation bits such as th . begioning-of-

message, end-of-line, end-of-message, and till bits are included in the

cods bi t. • Fill bits ~uU be generated assuming a minimum line trans-

mission tim. of as. and a transmission bit rate of 14800 bits/sec .

3.2 error Sensitivit y

This section describes th. criteri a for evaluating the sensitivity of

two-dimensional coding techniques to tra nsmission errors . ‘h. criteria

are valid for Gro up 3 machines • Measurement of error sensitivity is

required for standard resolution (3.8S lines/mm) and for high resolution

(7.7 lines/am).

To evaluate the error sensitivity, both the coding technique and the

decoding algorithm must be completely defined and disclosed in sufficient

detail to permit computer simulation by any xperiaenter . If more than

one decoding algorithm is proposed (for ~r~~~le, to achieve differing

levels of error control ) , each must be tested separately and fully di.-

closed.

Both an Objective Measure and a Subjective Measure of error sensitiv-

ity will be provided. Th. Objective Measure will provide a numerical

estimate of error-sensitivi ty, while the Subjective Measure will provide

nictorial material for committee evaluat ion .

3.2.1 0b~~ctive Measure

Tb. Objective Measure of error sensitivity is obtained by selecting

test documents, encodin g them with the proposed t~cbnique, subjecting the

I
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resulting bit stream to transmission errors, decoding the transmission to

obtain the received image , and comparing the original image with the re-

ceived image to determine the number of pela in error .

3.2.1.1 Test Documents

The Test Documents to be used for the err or sensitivity test are

— CCITT Test Documents 1 and Ii. Each of the documents would be coded

according to the prop osed coding techni que . Synchronisation and fill bits

will be included. This encoding will have been done as part of the

measurement of Compression Factor for Group 3 Machine s (see section 3. 1.2) .

3.2 .1.2 Error Patterns

A record will be r,rovided of actual bit errors made over telephone

lines. This will be obtained by tran smitting a ~~own psuedora ndom sequence

at 14800 bite/eec. using a V27 ter modem over a switched telephone network.

The average bit error rat. will be an’oroximately 1 1 10~~ (between 7 I 10~~

and 1.14 I io~~), and the length will be at least io6 trans mission bits

(corresponding to about 3 .~~ minutes of transmission time). Mea surements

of this typ. have already been made by the Federal Rsoublic of Germs

and may be available to e~~eriaentsrs for this pur ose. The measured

error pattern will be converted to the bit locations of errors and can be

supplied on magnetic tap. or punched car ds.

The supolied error pattern is ap ulied to the encoded transmission ,

causing a bit rever sal at each point where an error is indicated . There

viii be three r~ms for each norma . reso1iit~on (3 . S ~ lines/mm ” test document .

For the first rtn t , the first bit of the error tattir~ ta altgned with the

first bit of the encoded transmIssion . For subsequent rurs , the trans-

_ _ _  - - _ _ _ _ _ _ _ _
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mission is delayed 1,0214 bit. relative to the previous run so as to obtain

a different phasing of errors relative to critical code words • A count is

made of the number of errors that actually impinge on each transmission.

3.2.1.3 Docoding Trhn~~lssicn

The trsn iuion containing errors is then decoded by the proposed

decoding algorithm to produc. a received image. The decoding algorithm

should define the polarity of every p.]. in the output image . If it does

not for ~~~ reason define a psi, it viii be arbitrarily set to white.

No~te that any error correction schemes may be need providing they are fully

disclosed as part of the proposed coding techniques .

3.2.1. 14 Error Calculation

Each psi of the received image is compared to the corresponding psi

in the original image to det~~mine if it matches , or if it is in error.

A count of the number of p.].. in error is made . In general, there is one
scan line in the output image for every ito. in the input image . Occasion-

ally, however, a transmission will cane e an entire line to be dropped , or

an sitra line to be added . When this occurs the comparison algorit hm will

assess the appropriat, error count for the first tiam that the original

line i• matched against a different line in the received image . After this ,

th . corresponding lines will b compa red. This viii prevent a line count

error, which is barely noticeable, from causing a large number of errors

on the rest of the page .

The Error Sensitivity Factor (ES?) is calculated as the total number

of p.ls in error divided by the total number of transmission bits that are

in error . ThIs calcul at im is p.rfor,~.d for each run of each test docne.ent.

The average ES? for each test document i. calculated as:

ESF1 ~ ES?2 + ES?
3
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In order to determine the statistical ei~~tificance of the average ES?, the

estimate of the standard deviation of the average ES! is calcul ated as:

[
~ si1

2 
+ (15F2) 2 

+ (ES?3)2 - 3(ZSFav~
)

2] 
½

The standard deviation of the estimate of the ES? is useful as a check on

the adequacy of the sample size and gives an indication of whether measured

differences between the ES?’ s of contending coding techniqes are statistic-

ally significant . As a rule of themb, the differenc e between the average

ES?’ s should be equal to or great er than the sum of their standard deviations

to be considere d statistic ally significant .

3.2.1.~ Rigli Resolution Simulation

The Error Sensitivity Factor will be determined for high resolution -

date by performing only two simulation runs rathe r than three . This is

justified due to the greater number of bits in the high resolution image .

In thi s case the standard deviation is calculated as:

2 2 2~~ ½r (ES!1) + (EsF 2) - 2(ESFa,g)

L 2

3. 2 .2  Subjective Measnim

Each of the ten received images generated for the Objective Measure

will be made into a hard-cooy image using a igh-’~uality (high-resolution ,

high contrast) t ro cese. It is boted that a common facI lity will becomm

available for rer~roductn g high-cuality ima~e~ from magr ette tape , or that a

rec~~~andati~n will be made for a suitable machine to be used by experimenters .

The tmaEe~ will be evaluated by the committee to determine the sub-

~ect i~e flat ure o~ the erro’s. Th:s will the1~~a how noticeable the errors

are , hcw obJectionable t hey a:e, and an overoll ju dgement of image qualIty .
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3.3 Cost of Implementation

The cost to implement the candidate coding techniques is one of the

important parameters in the selection process. Unfortunately, It is

unrealistic to expect, or request , equipment design information from organ-

izations proposing a compression algorithm. In addition, different vendors

of facsimile equipment would probably implement a given algorithm in a

variety of different ways depending upon the volume of manufacture and other

• factors. Having recognized the difficulty of quantit at ively measuring

this par ameter , there are two general comments listed below which apply .

• Most of the circuitry used to implement the candidate coding

is digital and consequently benefits from the continuous

cost reduction of digital component s. Therefore , the coet

differential between alternat ive techniques will probably

diminish with time.

• It is essential that a proposed coding technique

be internationally available , free of any royalty considerations .

3.li Commonality with other Facsimile Codes

3.i~.l Group 3 / Group It Compatibility

It ii poseible that the ideal cod. for the Group It machine would differ

from the ideal code f o r  the Group 3 extension from the one-dimensional code.

However, it is desirable to select one standard two-dimensional

code which would be used in both systems in order to achieve machine

compatibility. The objective would be to select a ccde which provides the

best overa ll perform ance for both Group 3 and Group It system confi gu.raticns.

- 
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It is very critics.], for the two possible Group 3 machines (one-

dimensional code , and two-dimensional code) to be compatible. To minimize

the cost of this compatibility it would be desirable to select a two-

dimensional code which is based upon an extension of the one-dimen sional

code as much as possible.

3.li.2 Machines with Greater Document Width

It is desirable to select a compression algorithm which can be

economically extended for application to documents wider than that for the

Group 3 machines. For example , it may be desired to double the document

width so that a total of 3,1i56 pels/line would be transmitted. It would

be advantageous for the code for the wide document to be merely an extensIon

of the normal width code for reason s of compatibility and cost minimization.

3.5 Relative Import ance of the Criteria

One major purpose of this document is to assist persona or committees

in selecting a standard facsimile coding algorithm. Toward this end, it

would be very helpful to rank the four evaluation criteria in terms of

their relative importance. Unfortunately, this is very difficult to do

because of the widely varying perspectives and orientations of different

committees and committee members . For example, it Is inevitable that

facsimile nanufacturers and common carrier organizations woul d view the

evaluation parameters differently . In addition s th* ‘m~rkp t orientation

of a vendor W112.. greatly affect his position on the evaluation ~r~terta.

For example , a cov~ any which manufactures high volume ~roduct~s whIch stress

conventional picture ~iuality would view the situation very differently

fro m a 7endor who stresses the low volume-high cuality market. Having
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recognised the difficulty of pr ecisely rank ing the criteri a, the following

general comments are provided for each of the evaluation parameters .

Compression Factor

It is very possible that the Compression Factors of the candidate

compression techniques will not vary widely , in which case this parameter

may not be critical in the decision process . If , however , one coding

alternative exhibita an unusually high or low Compression Factor, this

parameter would obviously become important .

Error Sensitivity

The Error Sensitivity Factor is much more important for Group 3

machines than Group It machines due to the different transmission error

rate conditions. This parameter is particularly difficult to rank due to

th. potential high degree of interaction with other evaluation criteria.

For example, some facsimile systems can automatically reduce the transmission

rate to the point where an acceptable error rate is achieved. This results

in a trade-off between error sensitivity and compression .

Another trade -off could exist between error sensitivity and impimnenta-

• tion cost. At one extreme could be a compression system which is very sen-

sitive to transmission errors but which employs a very complex post-decoder ,

error-reduction scheme to minimize the visual effect of errors . At the

other extreme could be a coder which insert s sufficient redundancy into the

transm.itted code to correct for some transmission errors . In this case ,

the system is relatively insensitive to channel errors , may be lees

expensive, and would have a reduced compression ratio.
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Cost of Implementation

This parameter could become important for some candidates which

involve very complex error correctors or large buffers . Again, it is

critical that selected coding techniques be free of any royalty consi-

derations.

Compatibility with other Facsimile Machines

It is desirable that the two—dimensional code selected for the

optional extension from Group 3 be also adopted for Group Li application .

Further, it is highly desirable that the structure of this two-dimensional

code be as similar as possible to the one-dimensional Group 3 code and

that it be ertendab].e to greater document widths.

Tabulation of’ Qua ntitat ive Evaluation Criteria

Table 1.0 is a form for the tabulation of the quantitative evaluation

criteria - Compression Factors and Error Sensitivity Factors .
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